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Description 



A CONFIGURABLE MULTI-POINT 
SAMPLING METHOD AND SYSTEM FOR 
REPRESENTATIVE GAS COMPOSITION 
MEASUREMENTS IN A STRATIFIED GAS 
FLOW STREAM 

Cross Reference To Related Applications 

[0001] This application is related to commonly assigned U.S. Ap- 
plication No. 10/ (Attorney Docket no. 839-1353) 

entitled "A Multi-point Sampling Method for Obtaining 
Isokinetic Fluid Composition Flows in a Non-Uniform Ve- 
locity Flow Field", filed concurrently herewith and naming 
Neil C. Widmer as inventor, the contents of which are in- 
corporated herein by reference. 
Background of Invention 

[0002] The present invention relates to a method and system of 
obtaining a spatially representative sample of fluid flowing 



in a duct, and particularly relates to a method and system 
of obtaining a spatially representative sample of fluid uti- 
lizing multiple sampling probes. 

[0003] Emissions flowing in an exhaust stack of a gas turbine 
have been routinely sampled for many years. This sam- 
pling may indicate when emissions contain certain con- 
centrations of pollutants. It is thus necessary to ensure 
that the emissions are sampled accurately. 

[0004] Non-representative gas sampling in exhaust streams is a 
significant contributor to inaccurate low level gas species 
(emissions) measurements. For gas turbine applications, 
many units are being certified at 9 ppm and even as low 
as 2 to 3 ppm, all normalized to a diluent level of 15% 
oxygen. In these applications, the effect of a non- 
representative oxygen sample being off by 0.5% translates 
to a 7%-15% bias in NOx emissions depending on the ex- 
cess oxygen exhaust concentration. Additionally, NOx and 
other pollutant species like CO and NH3 can be highly 
stratified resulting in large variations of species concen- 
trations. 

[0005] a current process to achieve representative sampling of 
an exhaust stream involves measuring multiple points 
across the stack. This current process is generally a man- 



ual process that is not suitable for continuous monitoring 
systems. Points sampled depend on test method: for 40 
CFR 60, App A, Method 20 (turbines) eight points at the 
lowest 02 levels are sampled, for RATAs (40 CFR 60, App. 
B) three points are sampled, and for Part 75 between one 
and three points are sampled. 

[0006] while multipoint sampling is widely used to obtain a rep- 
resentative sample of fluid, it typically involves a manual 
process of inserting a sample probe to various locations in 
the fluid stream. This sampling process is thus laborious 
and time consuming as it requires multiple measurements 
to determine the gas velocity and then full-time atten- 
dance of a sample metering pump to draw flow through a 
port of known area at specific flow rates. 

[0007] when manually sampling at the various locations in the 
stream, the gas is extracted at equal gas volumes per 
point. This approach ensures a volume averaged gas con- 
centration across the flow. Obtaining volume averaged 
flow requires point information on the gas volume flow 
rate and temperature and point specific flow rate control. 

[0008] simple solutions to achieve multipoint sampling often in- 
volve using a single probe with multiple sampling holes 
spaced along the probe length. However, because it in- 



volves a common sample line, this approach does not al- 
low easy and on-line adjustment of the flow rate sampled 
at each point. 

[0009] a variation to this solution employs a sample probe with 
critical pressure drop at the sample probe inlets. A sample 
pump draws flow into the multiple probe inlets at equal 
volumes independent of the probe location. This avoids 
problems with variation in flow due to pressure drop 
along the sampling probe, so sampling points further into 
the flow are equally represented. However, it does not 
provide an isokinetic flow. For example, when sampling in 
a low flow and high flow region, both points are equally 
represented. This sampling biases the true impact of the 
low flow. If the low flow region contained twice as much 
pollutant concentrations but only half as much flow as the 
high flow region, then the overall emissions would be 
overly biased (i.e., biased high). As a quantitative example 
of this overly biased sampling, suppose a low flow region 
constituted 25% of the entire exhaust flow and contained 
10 ppm of NOx and a high flow region constituted 75% of 
the entire exhaust flow and contained 5 ppm of NOx. In 
this quantitative example, the flow averaged emission is 
OLE_LINK1(25%)(10 ppm NOx) + (75%)(5 ppm NOx) 



0LE_LINK1= 6.25 ppm NOx. However, the sampling sys- 
tem would determine the result as 7.5 ppm NOx via the 
following calculation: (50%)(10 ppm NOx) + (50%)(5 ppm 
NOx) = 7.5 ppm NOx. 

[0010] | n sampling systems where critical pressure drop is not 
established at the port inlet, further bias can be intro- 
duced due to sample line length and pressure head differ- 
ences. In these cases, sampling further into a flow stream 
would have higher line pressure losses and lower sam- 
pling rates. Assuming the above quantitative example, if 
the high flow region was in the center of a stack (i.e., cen- 
ter of the flow) and the low flow region was closer to the 
wall of the stack, and the high flow region formed 45% of 
the total flow and the low flow region formed 55% of the 
total flow due to sample line pressure differences, the de- 
termined results would be further biased at 7.75 ppm 
NOx as calculated as follows: (55%)(10 ppm NOx) + 
(4590(5 ppm NOx) = 7.75ppm NOx. 

[0011] other systems utilize a sampling grid having multiple 

sampling probes spatially distributed across the flow field. 
In these systems, the flow is typically drawn through a 
common pump and is sequenced to get point-to-point 
sample concentrations rather than average sample con- 



centrations. 

[0012] There thus remains a need for a method and system of 
obtaining a more spatially representative sample utilizing 
multiple sampling probes. 
Summary of Invention 

[0013] | n a fj rs t exemplary aspect of the invention, a method and 
system of obtaining a spatially representative sample of 
fluid flowing through a duct comprises (i) determining an 
average concentration of a component species of the fluid 
flowing through the duct during a test which includes de- 
termining a first concentration of the component species 
fluid at a first location within the duct and determining a 
second concentration of the component species at a sec- 
ond location within the duct, (ii) positioning a first sample 
probe in the duct so that the first sample probe receives a 
portion of the fluid at the first location; (iii) positioning a 
second sample probe in the duct so that the second sam- 
ple probe receives a portion of the fluid at the second lo- 
cation, and (iv) controlling respective flow rates of fluid 
received by the first and second sample probes based on 
the first concentration of the component species, the sec- 
ond concentration of the component species and the av- 
erage concentration of the component species. The re- 



spective flow rates may be controlled so that a concentra- 
tion of the component species of the fluid collectively re- 
ceived by the first and second sample probes equals the 
average concentration of the component species deter- 
mined during the test. The first and second concentra- 
tions of the component species determined during the 
test may be different from each other. The fluid may be 
received by the first and second sample probes concur- 
rently. The flow rate of the fluid received by the first sam- 
ple probe may be controlled by a first flow controller con- 
nected to the first sample probe and the flow rate of the 
fluid received by the second sample probe may be con- 
trolled by a second flow controller connected to the sec- 
ond sample probe. The test may be a stratification test. 
The component species may be at least one of 02, C02, 
CO, S02 and NOx. Determining the average concentration 
of the component species during the test may further in- 
clude determining a third concentration of the component 
species of the fluid at a third location within the duct, and 
respective flow rates of fluid received by the first and sec- 
ond sample probes and a third sample probe at the third 
location are controlled based on the first, second and 
third concentrations of the component species determined 



during the test and the average concentration of the com- 
ponent species determined by the test. The respective 
flow rates of fluid received by the first, second and third 
sample probes are controlled so that a concentration of 
the component species collectively received by the first, 
second and third sample probes may equal the average 
concentration of the component species determined dur- 
ing the test. The first, second and third concentrations of 
the component species determined during the test may be 
different from each other. 
[0014] | n another exemplary aspect of the invention, a method 
and system of obtaining a spatially representative sample 
of fluid flowing through a duct comprises: (i) determining 
an average concentration of a component species of the 
fluid flowing through the duct during a test which in- 
cludes determining a first concentration of the component 
species at a first location within the duct and determining 
a second concentration of the component species at a 
second location within the duct, (ii) positioning a first 
sample probe in the duct so that the first sample probe 
receives a portion of the fluid at the first location, (iii) po- 
sitioning a second sample probe in the duct so that the 
second sample probe receives the fluid at the second lo- 



cation, and (iv) controlling a first amount of time that the 
flow of fluid is received by the first sample probe and a 
second amount of time that the flow of fluid is received by 
the second sample probe based on the first concentration 
of the component species, the second concentration of 
the component species and the average concentration of 
the component species. The first amount of time and the 
second amount of time may be controlled so that a con- 
centration of the component species of the fluid collec- 
tively received by the first and second sample probes 
equals the average concentration of the component 
species determined during the test. The first and second 
concentrations of the component species determined dur- 
ing the test may be different from each other. The fluid 
may be received by the first and second sample probes 
non-concurrently. The method and system may further 
comprise venting fluid from the first sample probe when 
fluid is being received by the second sample probe and 
venting fluid from the second sample probe when the 
fluid is being received by the first sample probe. The first 
amount of time that the fluid is received by the first sam- 
ple probe may be controlled by a first flow controller con- 
nected to the first sample probe and the second amount 



of time that the fluid is received by the second sample 
probe may be controlled by a second flow controller con- 
nected to the second sample probe. At least one of the 
first and second flow controllers is coupled to both a 
sample pump and a venting pump. The first flow con- 
troller may vent fluid from the first sample probe when 
the second flow controller communicates fluid received by 
the second flow controller to a sample pump. The second 
flow controller may vent fluid from the second sample 
probe when the first flow controller communicates fluid 
received by the first flow controller to a sample pump. The 
flow rate of fluid received by the first sample probe may 
be equal to the flow rate of fluid received by the second 
sample probe. The test may be a stratification test. The 
component species may be at least one of 02, C02, CO, 
S02 and NOx. The sample of fluid received by at least one 
of the first and second sample probes may be received 
isokinetically. Determining the average concentration of 
the component species during the test may further in- 
clude determining a third concentration of the component 
species of the fluid at a third location within the duct, and 
the first amount of time, the second amount of time and a 
third amount of time that fluid is received by a third sam- 



pie probe at the third location is controlled based on the 
first, second and third concentrations of the component 
species determined during the test and the average con- 
centration of the component species determined by the 
test. The first, second and third amounts of time that fluid 
is respectfully received by the first, second and third sam- 
ple probes may be controlled so that a concentration of 
the component species collectively received by the first, 
second and third sample probes equals the average con- 
centration of the component species determined during 
the test. The first, second and third concentrations of the 
component species determined during the test may be 
different from each other. 
Brief Description of Drawings 

[0015] FIGURE 1 is a diagram of a fluid sampling and continuous 
monitoring system for obtaining a spatially representative 
sample of fluid flowing through a duct in accordance with 
a first embodiment of the invention; and 

[0016] FIGURE 2 is a diagram of a fluid sampling and continuous 
monitoring system for obtaining a spatially representative 
sample of fluid flowing through a duct in accordance with 
another embodiment of the invention. 
Detailed Description 



[0017] FIGURE 1 illustrates an exemplary embodiment of a fluid 
sampling and monitoring system for obtaining a continu- 
ous and spatially representative sample of fluid flowing 
through duct 40. The fluid flowing through duct 40 may 
be, for example, exhaust gas containing pollutants from a 
gas turbine. Duct 40 may be, for example, an outlet ex- 
haust stack of the gas turbine. 

[0018] The sampling and monitoring system includes a plurality 
of sample probes 2 1-23, a plurality of flow controllers 
51-53, sample pump 32 and sample analyzer 33. Sample 
probes 21-23 are spatially distributed within duct 40 and 
include inlet ports 21a-23a for receiving a sample of the 
fluid flowing through duct 40 at respective local positions. 
Sample passageway 31 fluidly connects flow controllers 
51-53 and sample pump 32. Sample analyzer 33 is fluidly 
connected to sample pump 32. 

[0019] a fluid flows through duct 40 at flow velocity Vs. However, 
the flow velocity of the fluid within different areas of duct 
40 is often stratified. The flow velocity of the fluid thus 
has an uneven velocity profile such that local fluid veloci- 
ties are unequal. This velocity profile is graphically illus- 
trated by arrows 41a-41e where larger local flow veloci- 
ties in duct 40 are illustrated by larger arrows. For exam- 



pie, the local flow velocity in the center of duct 40 is 
higher (as illustrated by arrow 41c) than the local flow ve- 
locities near the walls of duct 40 (as illustrated by arrows 
41a and 41e). 

[0020] The fluid flowing through duct 40 includes a component 
gas species such as NOx, C02, CO, S02 and/or 02. A 
time averaged concentration of one or more of these 
component gas species flowing through the entire duct 40 
is determined. For example, an average concentration of a 
component gas species is determined by a point by point 
cross-duct stratification test of a relative accuracy test 
audit. The test may also include EPA manual testing meth- 
ods. 

[0021] As part of the test for determining the average concentra- 
tion of the component gas species flowing through the 
entire duct 40, quantitative measurements of the compo- 
nent species" concentration are made at a plurality of lo- 
cations within duct 40. The spatial coordinates of each of 
these locations is determined along with a time averaged 
local concentration level of the component gas species at 
those locations. The spatial coordinates of specific loca- 
tions within duct 40 and its corresponding (time averaged) 
quantitative component gas species concentration level 



are thus identified during the test. The component gas 
species concentration levels of the identified locations 
may each have different quantitative levels. 

[0022] After (i) the average concentration of the component gas 
species flowing through the entire duct 40 and (ii) the 
spatial coordinates of each of the locations and its corre- 
sponding local component species concentration levels 
are determined during the test, portions of the fluid flow- 
ing in duct 40 are received by sample probes 21-23 via 
inlet ports 21a-23a. Sample probes 21-23 are positioned 
within duct 40 so that each of sample probes 21-23 is ca- 
pable of receiving fluid at the locations determined during 
the test. In particular, inlet ports 21a-23a are positioned 
at the spatial coordinates of respective locations deter- 
mined during the test. The respective concentration levels 
of the component gas species received by inlet ports 
21a-23a are therefore predetermined. That is, the con- 
centration levels of the component gas species which can 
be received by inlet ports 21a-23a are equal to the con- 
centration levels at the same spatial coordinates deter- 
mined during the test. 

[0023] plow controllers 51-53 control the flow rate of fluid, and 
hence the flow rate of the amount of component gas 



species within the fluid, received by sample probes 
21-23, respectively. Flow controllers 51-53 each may 
comprise a valve and a flow rate sensor. If any one the 
flow controller valves is closed, then no fluid is received 
by that sample probe 21-23 which is connected to that 
closed flow controller valve. The degree to which flow 
controller valves are opened controls the flow rate of fluid 
(and hence component gas species) received by a con- 
nected sample probe. A computerized control system 70 
controls the degree of opening of each flow control valve. 
Alternatively, flow control valves can be opened and 
closed manually. Each of the flow control valves 51-53, 
when opened, communicates received fluid from sample 
probes 21-23, respectively, to sample stream passageway 
31. Sample pump 32 draws the received fluid from pas- 
sageway 31 to analyzer 33. Analyzer 33 performs an anal- 
ysis on the received sample such as an identification of 
component gases. 
[0024] | n operation, the flow rates of fluid received by sample 
probes 21-23 are respectively controlled by flow con- 
trollers 51-53 based on the average concentration of the 
component gas species flowing through the entire duct 40 
determined during the test and the local component gas 



species concentration levels at each of the locations de- 
termined during the test. In particular, the flow rates of 
fluid received by sample probes 21-23 are controlled by 
flow controllers 51-53 such that the collective sample re- 
ceived by analyzer 33 via sample stream passageway 31 
and sample pump 32 has a component species concentra- 
tion that is equal to the average concentration of the 
component gas species in duct 40 determined during the 
test. 

[0025] As a specific example of operation, suppose it was deter- 
mined during a test (e.g., a point by point cross-duct 
stratification test of a relative accuracy test audit) that the 
average concentration of NOx of the fluid in the entire 
duct 40 is 2ppm and that the local average NOx concen- 
tration at a first spatial location within duct 40 is lppm, 
the local average NOx concentration at a second spatial 
location within duct 40 is 2ppm, and the local average 
NOx concentration at a third spatial location is 3ppm. In 
this case, sample probe 21 is positioned so that inlet 21a 
receives fluid at the first spatial location. That is, inlet 21a 
will have the same spatial coordinates as the first spatial 
location having a NOx concentration of lppm. Sample 
probe 22 is positioned so that inlet 22a receives fluid at 



the second spatial location. That is, inlet 22a will have the 
same spatial coordinates as the second spatial location 
having a NOx concentration of 2ppm. Sample probe 23 is 
positioned so that inlet 23a receives fluid at the third spa- 
tial location. That is, inlet 23a will have the same spatial 
coordinates as the third spatial location having a NOx 
concentration of 3ppm. 
[0026] The flow controllers 51-53 will be set to respectively con- 
trol the flow rates of fluid and hence NOx concentration 
concurrently received by sample probes 21-23 so that 
fluid collectively received by sample probes 21-23 will be 
equal to the average concentration (2ppm) of NOx deter- 
mined for the entire duct 40 during the test. In this exam- 
ple, each of the flow rates of sample probe 21 (receiving 
lppm NOx), sample probe 22 (receiving 2ppm NOx) and 
sample probe 23 (receiving 3ppm NOx) will be equal to 
each other so that the NOx concentration of the collective 
sample received by sample probes 21-23 is equal to the 
average NOx concentration for the entire duct 40 deter- 
mined during the test. The flow ratio between the flow 
rates of sample probes 21-23 as controlled by flow con- 
trollers 51-53 is 1:1:1 and thus equal amounts of fluid is 
received by each of the sample probes 21-23 in the fore- 



going example. 

[0027] while the exemplary embodiment illustrated in Fig. 1 
shows the use of three sample probes 21-23, it will be 
understood that any plurality of sample probes can be 
used. For example, sample probe 23 can be completely 
closed by flow controller 53 so that it does not receive any 
sample or be removed from duct 40 altogether. 

[0028] As an example of operation of this system having two 

probes, suppose that a test was conducted indicating that 
the average concentration of 02 in the entire duct 40 was 
equal to 6ppm and that in determining this average con- 
centration, an (average) 02 concentration level at a first 
spatial location within duct 40 was measured as being 
2ppm and the (average) 02 concentration level at a sec- 
ond spatial location within duct 40 was measured as being 
8ppm. After the test is completed, sample probe 21 is po- 
sitioned so that inlet 21a receives fluid at the first spatial 
location. That is, inlet 21a will have the same spatial coor- 
dinates as the first spatial location having an 02 concen- 
tration of 2ppm. Sample probe 22 is positioned so that 
inlet 22a receives fluid at the second spatial location. That 
is, inlet 22a will have the same spatial coordinates as the 
second spatial location having an 02 concentration of 



8ppm. 

[0029] plow controllers 51-52 are set to respectively control the 
flow rates of fluid (and hence 02 concentration) concur- 
rently received by sample probes 21-22 so that fluid col- 
lectively received by sample probes 21-22 will be equal to 
the average concentration (6ppm) of 02 determined for 
the entire duct 40 during the test. Again, flow controller 
53 completely closes sample probe 23 or is removed 
along with sample probe 23 altogether. In this example, 
the flow rates of sample probe 21 (receiving 2ppm 02) 
and sample probe 22 (receiving 8ppm 02) will be set in a 
1:2 flow ratio so that the 02 concentration in the collec- 
tive sample received by sample probes 21 and 22 is equal 
to the average 02 concentration (6ppm) for the entire 
duct 40 determined during the test ((33.3% of total 
flow)(2ppm) + (66.6% of total flow)(8ppm) = 6ppm). The 
flow rates of sample probes 21 and 22 are set by flow 
controllers 51 and 52, respectively. The fluid received by 
sample probe 22 is twice the amount of fluid received by 
sample probe 21 in this example. 

[0030] a representative sampling may thus be achieved which 

avoids selecting an over-estimated sampling location us- 
ing a single point probe and complex multi-point sam- 



pling required for manual methods. After identifying two 
or more sample locations at different species concentra- 
tions, gas volume sampling at each location is controlled 
by setting the flow rate to dial in the component species 
of interest to closely approach or meet the average read- 
ing obtained during a test such as a stratification test of a 
relative accuracy test. Flow rate settings on flow con- 
trollers 51-53 may also be updated periodically. 
[0031] | n another exemplary embodiment of the present inven- 
tion, flow controllers 51-53 in the system illustrated in 
Fig. 1 can be controlled so that length of time fluid is re- 
ceived (rather than flow rate as discussed above) from 
each of the locations determined during the test to pro- 
vide a collective sample received by sample probes 21-23 
that has a component gas species concentration which 
equals the average component gas species concentration 
level for the entire duct 40 determined during the test. In 
this exemplary embodiment, a test for determining the 
average component gas species concentration in duct 40 
and the spatial locations within duct 40 with correspond- 
ing local gas species concentrations are first performed as 
discussed above. Assume, for example, that the average 
concentration of NOx of the fluid in the entire duct 40 is 



2ppm and that the local NOx concentration at a first spa- 
tial location within duct 40 is lppm, the local NOx con- 
centration at a second spatial location within duct 40 is 
2ppm, and the local NOx concentration at a third spatial 
location is 3ppm. In this example, sample probe 21 is po- 
sitioned so that inlet 21a receives fluid (having a local 
lppm NOx concentration) at the first spatial location, 
sample probe 22 is positioned so that inlet 22a receives 
fluid (having a local 2ppm NOx concentration) at the sec- 
ond spatial location, and sample probe 23 will positioned 
so that inlet 23a receives fluid (having a local 3ppm NOx 
concentration) at the third spatial location. 
[0032] The flow controllers 51-53 will be sequentially opened for 
a specific amount of time, either manually or via a com- 
puterized controller, to permit gas received to be col- 
lected for analysis. When one flow controller is opened, 
the other flow controllers will be closed. For example, as 
flow controller 51 is opened to allow sample probe 21 to 
receive the fluid having a local (average) lppm NOx con- 
centration, flow controllers 52 and 53 are closed so that 
no fluid is received by sample probes 22 and 23. Similarly, 
as flow controller 52 is opened to allow sample probe 22 
to receive the fluid having a local (average) 2ppm NOx 



concentration, flow controllers 51 and 53 are closed so 
that no fluid is received by sample probes 21 and 23. As 
flow controller 53 is opened to allow sample probe 23 to 
receive the fluid having a local (average) 3ppm NOx con- 
centration, flow controllers 51 and 52 are closed so that 
no fluid is received by sample probes 21 and 22. When 
opened, the flow rate received by each sample probe is 
equal to the respective flow rates of fluid received by the 
other sample probes when they are opened. That is, the 
pressure for drawing fluid provided by sample pump 32 
remains constant so that fluid is received at the same rate 
irrespective of which flow controller is opened and the 
flow controller valves are opened to the same degree. 
[0033] | n the foregoing example, the amount of time that sample 
probe 21 (receiving lppm NOx), sample probe 22 
(receiving 2ppm NOx) and sample probe 23 (receiving 
3ppm NOx) receive fluid are equal to each other so that 
the NOx concentration of the collective sample sequen- 
tially received by sample probes 21-23 is equal to the av- 
erage NOx concentration for the entire duct 40 deter- 
mined during the test. That is, the respective time 
amounts that flow controllers 51-53 are opened are equal 
to each other. When opened, each of the flow controllers 



51-53 are opened to the same degree and the sample 
pump 32 draws fluid at the same rate. The ratio of time 
amounts that sample probes 21-23 are open is 1:1:1 and 
thus equal amounts of fluid are received by each of the 
sample probes 21-23 so that the collective sample has a 
NOx concentration of 2ppm, the average NOx concentra- 
tion determined during the test for the entire duct 40. The 
flow controllers 51-53 can be opened in any sequence, 
but when one flow controller is opened the other flow 
controllers are closed. For example, flow controller 52 can 
be opened for a certain amount of time (e.g., 1 minute) 
while flow controllers 51 and 53 are closed. Flow con- 
troller 51 is then opened for the same amount of time (1 
minute) and the same degree of opening while flow con- 
trollers 52 and 53 are closed, and finally flow controller 
53 is opened while flow controllers 51 and 52 are closed 
for the same amount of time (1 minute) and the same de- 
gree of opening. 
[0034] pig. 2 illustrates another exemplary embodiment of a fluid 
sampling and monitoring system for obtaining a spatially 
representative sample of a fluid, where identical reference 
numbers refer to parts common to previous embodi- 
ments. Only the differences from previous embodiments 



will be discussed in detail. 

[0035] The system illustrated in Fig. 2 includes a vent pump 60. 
Vent pump 60 is capable of fluidly connecting to flow 
controllers 51-53 via vent passageway 61. Fluid entering 
sample probe 21-23 may be vented to the atmosphere via 
vent pump 60 and vent passageway 61. Flow controllers 
21-23 may thus direct fluid entering probes 21-23 to 
venting passageway 61 so that the fluid is vented to the 
atmosphere or to sample passageway 31 so that the fluid 
is received for analysis. Vent pump 60 may optionally be 
removed so that fluid is vented directly to the atmosphere 
as long as atmospheric pressure is enough to draw fluid 
through venting passageway 61 and prevent back flow. 

[0036] As discussed in a previous exemplary embodiment, flow 
controllers 51-53 can be controlled so that fluid is re- 
ceived from each of the locations determined during the 
test for a specific amount of time. In particular, the ratio 
of time amounts during which fluid is received by each 
sample probe 21-23 is defined so that the collective sam- 
ple received by sample probes 21-23 has a component 
gas species concentration which equals the average com- 
ponent gas species concentration level for the entire duct 
40 determined during the test. Flow controllers 51-53 are 



sequentially turned into a sampling position, either manu- 
ally or via a computerized controller, to permit fluid in- 
cluding the component gas species to be received and 
collected for analysis via sample passageway 31. When 
one flow controller is in a sampling position to direct gas 
to sample passageway 31, the other flow controllers are in 
a venting position to direct any gas entering a connected 
sample probe to venting passageway 61. For example, as 
flow controller 51 is in a sampling position to allow sam- 
ple probe 21 to receive the fluid at a first local position 
within duct 40, flow controllers 52 and 53 are in a venting 
position so that any fluid entering sample probes 22 and 
23 is vented (e.g., to atmosphere) via venting passageway 
61 and vent pump 60. Similarly, as flow controller 52 is in 
a sampling position to allow sample probe 22 to receive 
the fluid at a second local position within duct 40, flow 
controllers 51 and 53 are in a venting position so that any 
fluid entering sample probes 21 and 23 is vented via 
venting passageway 61 and vent pump 60. As flow con- 
troller 53 is in a sampling position to allow sample probe 
23 to receive the fluid at another local position within duct 
40, flow controllers 51 and 52 are in a venting position so 
that any fluid entering sample probes 21 and 22 is vented 



via venting passageway 61 and vent pump 60. By continu- 
ously venting the flow in the "standby" probes, gas is not 
held up in the sample probe where it can be converted. 
Any sequential order of turning flow controllers to direct 
fluid to sample stream passageway 31 can be used. How- 
ever, an analysis provided by analyzer 33 is not initiated 
until all the necessary gas samples from sample probes 
21-23 are obtained. 
[0037] The amount of time that each of the flow controllers 
51-53 is placed in the sampling position can be con- 
trolled so that cumulative fluid sequentially received by 
sample probes 21-23 has a component gas species con- 
centration which is equal to the average component gas 
species concentration determined for the entire duct 40 
during the test. When placed in the sampling position, the 
flow rate received by each sample probe 21-23 is equal to 
the respective other flow rates of fluid received by the 
other sample probes when they are in the sampling posi- 
tion. That is, the pressure for drawing fluid provided by 
sample pump 32 remains constant so that fluid is received 
at the same rate irrespective of which flow controller 
51-53 is placed in the sampling position and the flow 
controllers 51-53 are opened to the same degree when 



placed in the sampling position. 

[0038] The system illustrated in Fig. 2 thus includes two pumps: 
(i) sample pump 32 for sequentially (non-concurrently) 
pulling the sample flow from sampling probes 21-23 to 
analyzer 33 and (ii) vent pump 60 for continuously vent- 
ing flow from the "standby" sample probes. This system is 
capable of performing isokinetic flow sampling such that 
the flow velocity received by inlet ports 21a-23a is equal 
to the local velocity of the fluid at the same spatial loca- 
tion within duct 40. Also, each sampling probe 21-23 may 
be equipped with a thermocouple and pitot tube pressure 
measurement device at each sample point to establish the 
sample flow velocity. 

[0039] a multi-point representative sample can thus be obtained 
through the exemplary embodiments of the present in- 
vention utilizing flow rate control and/or time sequence 
control of flow controllers 51-53. Both flow rate control 
and time sequence control avoid holding up sample gas in 
sample probes 21-23 which could affect the actual 
species concentration. A single point sampling, which may 
be performed at a spatial point having an over-or under- 
estimate of test gas species concentration can be avoided. 
Additionally, the actual emissions can be easily tuned to 



be representative of the manual multi-point method. 
[0040] while the invention has been described in connection with 
what is presently considered to be the most practical and 
preferred embodiment, it is to be understood that the in- 
vention is not to be limited to the disclosed embodiment, 
but on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the 
spirit and scope of the appended claims. 



